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(57) ABSTRACT

An image sensor pixel includes one or more photodiodes
disposed in a semiconductor layer. Pixel circuitry is disposed
in the semiconductor layer coupled to the one or more pho-
todiodes. A passivation layer is disposed proximate to the
semiconductor layer over the pixel circuitry and the one or
more photodiodes. A contact etch stop layer is disposed over
the passivation layer. One or more metal contacts are coupled
to the pixel circuitry through the contact etch stop layer. One
or more isolation regions are defined in the contact etch stop
layer that isolate contact etch stop layer material through
which the one or more metal contacts are coupled are coupled
to the pixel circuitry from the one or more photodiodes.
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1
IMAGE SENSOR HAVING METAL CONTACT
COUPLED THROUGH A CONTACT ETCH
STOP LAYER WITH AN ISOLATION REGION

BACKGROUND INFORMATION

1. Field of the Disclosure

The present invention relates generally to imaging. More
specifically, examples of the present invention are related to
complementary metal oxide semiconductor based image sen-
SOIS.

2. Background

The electrical signature of an image with high brightness
levels that falls onto a complementary metal oxide semicon-
ductor (CMOS) image sensor may remain embedded in sub-
sequently read out electrical signatures of subsequently
acquired images. The electrical signature of a previously
sensed image remaining in the image sensor has been called
a “ghost artifact” or a “memory effect.” This unwanted effect
can be exacerbated by repeated exposure of static images,
especially high intensity or bright images, to the image sen-
sor. The retention of ghost images represents noise that
obscures subsequently acquired images and reduces the sig-
nal to noise ratio and may cause blur if there is movement
being imaged.

The memory effect problem has been found to be espe-
cially present in CMOS image sensors that have been fabri-
cated using advanced fabrication technologies, particularly
those employing measures to maximize metal interconnect
density. For instance, those fabrication technologies employ-
ing so-called “borderless contacts” have been found to be
associated with the root cause of this problem.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the follow-
ing figures, wherein like reference numerals refer to like parts
throughout the various views unless otherwise specified.

FIG. 1is a diagram illustrating one example of an imaging
system including an example pixel array with image sensor
pixels with metal contacts coupled to pixel circuitry through
a contact etch stop layer having isolation regions in accor-
dance with the teachings of the present invention.

FIG. 2A illustrates a top down view of one example of a
pixel array with image sensor pixels having metal contacts
coupled to pixel circuitry through a contact etch stop layer.

FIG. 2B illustrates a top down view of one example of a
pixel array with image sensor pixels having metal contacts
coupled to pixel circuitry through a contact etch stop layer
having isolation regions in accordance with the teachings of
the present invention.

FIG. 3A illustrates a cross-section view of one example of
a semiconductor substrate layer included in an example pixel
array with image sensor pixels having metal contacts coupled
to pixel circuitry through a contact etch stop layer.

FIG. 3B illustrates a cross-section view of one example of
a semiconductor substrate layer included in an example pixel
array with image sensor pixels having metal contacts coupled
to pixel circuitry through a contact etch stop layer with iso-
lation regions in accordance with the teachings of the present
invention.

Corresponding reference characters indicate correspond-
ing components throughout the several views ofthe drawings.
Skilled artisans will appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the dimensions of some of
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the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of various
embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a
commercially feasible embodiment are often not depicted in
order to facilitate a less obstructed view of these various
embodiments of the present invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the
present invention. It will be apparent, however, to one having
ordinary skill in the art that the specific detail need not be
employed to practice the present invention. In other instances,
well-known materials or methods have not been described in
detail in order to avoid obscuring the present invention.

Reference throughout this specification to “one embodi-
ment”, “an embodiment”, “one example” or “an example”
means that a particular feature, structure or characteristic
described in connection with the embodiment or example is
included in at least one embodiment of the present invention.
Thus, appearances of the phrases “in one embodiment”, “in
an embodiment”, “one example” or “an example” in various
places throughout this specification are not necessarily all
referring to the same embodiment or example. Furthermore,
the particular features, structures or characteristics may be
combined in any suitable combinations and/or subcombina-
tions in one or more embodiments or examples. Particular
features, structures or characteristics may be included in an
integrated circuit, an electronic circuit, a combinational logic
circuit, or other suitable components that provide the
described functionality. In addition, it is appreciated that the
figures provided herewith are for explanation purposes to
persons ordinarily skilled in the art and that the drawings are
not necessarily drawn to scale.

Examples in accordance with the teaching of the present
address a contributing factor among the root causes for
memory effect in complementary metal oxide semiconductor
(CMOS) image sensors and provide solutions to reduce or
eliminate memory effectin CMOS image sensors that include
etch stop layers. Example CMOS image sensors in accor-
dance with the teachings of the present invention include an
example contact etch stop layer, which makes possible bor-
derless contact elements in CMOS image sensor with reduced
or no memory effect. Specifically, instead of providing a
continuous contact etch stopping layer over the entire surface
of an image sensor, except where a metal contact is coupled
through the contact etch stop layer to pixel circuitry, example
image sensors in accordance with the teachings of the present
include image sensors pixels that include a contact etch stop
layer with isolation regions. For instance, in one example, the
image sensor pixels include one or more photodiodes dis-
posed in a semiconductor layer. Pixel circuitry is disposed in
the semiconductor layer coupled to the one or more photo-
diodes. A passivation layer is disposed proximate to the semi-
conductor layer over the pixel circuitry and the one or more
photodiodes. A contact etch stop layer is disposed over the
passivation layer. One or more metal contacts are coupled to
the pixel circuitry through the contact etch stop layer. One or
more isolation regions are defined in the contact etch stop
layer that isolate the metal contacts, and the contact etch stop
layer material through which the one or more metal contacts
are coupled to the pixel circuitry, from the one or more pho-
todiodes. By isolating the metal contacts, as well as the con-
tact etch stop layer material through which the metal contacts
are coupled to pixel circuitry, the stress paths in the contact
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etch stop layer between the photodiode regions and the metal
contacts are substantially eliminated, which reduces memory
effect in the image sensor in accordance with the teachings of
the present invention.

To illustrate, FIG. 1 is a diagram illustrating one example
of an imaging system 100 including an example pixel array
102 having a contact etch stop layer with isolation regions in
accordance with the teachings of the present invention. As
shown in the depicted example, imaging system 100 includes
pixel array 102 coupled to control circuitry 108 and readout
circuitry 104, which is coupled to function logic 106.

In one example, pixel array 102 is a two-dimensional (2D)
array of imaging sensors or pixels (e.g., pixels P1, P2 ... Pn).
In one example, each pixel is a CMOS imaging pixel. As
illustrated, each pixel is arranged into a row (e.g., rows R1 to
Ry) and a column (e.g., column C1 to Cx) to acquire image
data of a person, place, object, etc., which can then be used to
render a 2D image of the person, place, object, etc.

In one example, after each pixel has acquired its image data
or image charge, the image data is readout by readout cir-
cuitry 104 and then transferred to function logic 106. In
various examples, readout circuitry 104 may include ampli-
fication circuitry, analog-to-digital (ADC) conversion cir-
cuitry, or otherwise. Function logic 106 may simply store the
image data or even manipulate the image data by applying
post image effects (e.g., crop, rotate, remove red eye, adjust
brightness, adjust contrast, or otherwise). In one example,
readout circuitry 104 may readout a row of image data at a
time along readout column lines (illustrated) or may readout
the image data using a variety of other techniques (not illus-
trated), such as a serial readout or a full parallel readout of all
pixels simultaneously.

In one example, control circuitry 108 is coupled to pixel
array 102 to control operational characteristics of pixel array
102. For example, control circuitry 108 may generate a shut-
ter signal for controlling image acquisition. In one example,
the shutter signal is a global shutter signal for simultaneously
enabling all pixels within pixel array 102 to simultaneously
capture their respective image data during a single acquisition
window. In another example, the shutter signal is a rolling
shutter signal such that each row, column, or group of pixels
is sequentially enabled during consecutive acquisition win-
dows.

FIG. 2A illustrates a top down view of one example of a
semiconductor substrate 210 of an example pixel array 202 of
image sensor pixels. It is appreciated that in one example,
pixel array 202 is an illustration that provides increased detail
of one example of pixel array 102 of FIG. 1. As shown in the
example depicted in FIG. 2A, pixel array 202 includes an
array of image sensor pixels, which include a plurality of
photodiodes (PD) and metal contacts 214, which are coupled
through a contact etch stop layer 222 to pixel circuitry asso-
ciated with the photodiodes arranged in semiconductor layer
210. In various examples, each pixel may include one or more
photodiodes (e.g., 212A and/or 212B) and one or more metal
contacts 214. In the example depicted in FIG. 2A, one of the
image sensor pixels includes a photodiode 212A and a pho-
todiode 212B, as well as one or more metal contacts 214,
which are coupled to associated pixel circuitry in semicon-
ductor substrate 210. In another example, it is appreciated that
the image sensor pixel may include only one photodiode. In
one example, metal contacts 214 are coupled to pixel circuitry
that may include pixel circuit elements such as for example,
but not limited to, a transfer transistor, a floating diftusion, or
the like. In one example, one or more image sensor pixels may
also include or share a charge to a voltage converting floating
diode and an amplifier transistor.
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As will be discussed in further detail below, in one
example, a contact etch stop layer 222 is deposited over a
passivation layer that is deposited over pixel array 202. The
deposition of a contact etch stop layer 222 is a fabrication
technique that may be utilized when providing borderless
contacts, which may be employed to increase metal intercon-
nect density in pixel array 202. In one example, isolation
regions are defined in the contact etch stop layer 222 which
substantially eliminate stress paths in the contact etch stop
layer 222 between the photodiode regions and the metal con-
tacts, as well as to the contact etch stop layer 222 material
through which the metal contacts are coupled in accordance
with the teachings of the present invention.

To illustrate, FIG. 2B illustrates a top down view of one
example of a pixel array 202 with image sensor pixels having
metal contacts 214 coupled through a contact etch stop layer
222 with isolation regions 216 in accordance with the teach-
ings of'the present invention. It is appreciated that pixel array
202 of FIG. 2B shares similarities with pixel array 202 of FIG.
2A and that similarly named and numbered elements refer-
enced below are coupled and function as described above. As
shown in the example and will be discussed in further detail
below, isolation regions 216 as illustrated for example in FI1G.
2B are defined in the contact etch stop layer 222 of the image
sensor pixels of pixel array 202, which isolate the metal
contacts 214, as well as the contact etch stop layer 222 mate-
rial through which the metal contacts 214 are coupled to
associated pixel circuitry, from the photodiodes including
photodiode 212A and photodiode 212B in accordance with
the teachings of the present invention. In particular, stress
paths in the contact etch stop layer 222 between the photo-
diodes 212A and 212B and metal contacts 214 are substan-
tially eliminated with isolation regions 216 in accordance
with the teachings of the present invention. It is appreciated
that by changing the structure of pixel array 202 by defining
isolation regions 216 in the contact etch stop layer 222 as
shown, additional electrical and/or mechanical effects on the
pixels are realized, which reduces ghost artifacts or memory
effects in pixel array 202 in accordance with the teachings of
the present invention.

To illustrate, FIG. 3A shows a cross-section view of one
example of a semiconductor substrate layer 310 included in
an example pixel array 302 of a CMOS image sensor in
accordance with the teachings of the present invention. It is
noted that in one example, pixel array 302 of FIG. 3A is a
cross-section view along line A-A' of pixel array 202 of FIG.
2A. As shown in the depicted example, pixel array 302
includes a semiconductor substrate layer 310, including for
example silicon, with a photodiode 312 region disposed
therein. In the example, photodiode 312 region may be the
only or one of a plurality of photodiode regions disposed in
semiconductor 310 that are included in an image sensor pixel
ofpixel array 302. As shown in the depicted example, there is
a shallow trench isolation (STT) 318 region disposed in semi-
conductor substrate layer 310, which separates photodiode
312 region from neighboring pixel circuitry 315 in the semi-
conductor substrate layer 310.

As shown in the depicted example, a passivation layer 320
is deposited proximate to semiconductor substrate layer 310
over pixel circuitry 315 and photodiode 312 of pixel array
302. In one example, passivation layer 320 may include an
insulating material such as for example silicon oxide based
dielectric layers or the like. In the illustrated example, the
pixel circuitry 315 is shown includes a polysilicon region 326,
which in one example represents a polysilicon gate structure
or the like. It is appreciated of course that pixel circuitry 315
may include other circuit structures such as for example but
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not limited to a transfer transistor, a floating diffusion, an
amplifier transistor, or the like. In the depicted example, poly-
silicon region 326 is shown as being surrounded with the
oxide material of passivation layer 320.

FIG. 3A also illustrates that a contact etch stop layer 322 is
disposed over passivation layer 320, which is deposited over
pixel circuitry 315 and photodiode 312 of pixel array 302 in
semiconductor substrate layer 310. In one example, contact
etch stop layer 322 is utilized when providing borderless
contacts to be fabricated in pixel array 302. As such, contact
etch stop layer 322 is utilized to protect underlying structures
from damage during the dry etching process that is used to
form contact openings. Accordingly, etch stop layer 322 has a
slower etch rate than for example silicon oxide based dielec-
tric layers.

FIG. 3A also illustrates a dielectric layer 324 that is dis-
posed over contact etch stop layer 322, which is deposited
over passivation layer 320, which is deposited over semicon-
ductor substrate layer 310 as shown. In one example, dielec-
tric layer 324 is metal interconnect layer 324 that may include
an insulating material such as for example borophosphosili-
cate glass or the like.

FIG. 3A also shows that a metal contact 314 is coupled to
pixel circuitry 315 through contact etch stop layer 322. In one
example, metal contact 314 is coupled to polysilicon region
326 of pixel circuitry 315 through contact etch stop layer 322
and through dielectric layer 324. In one example, metal con-
tact 314 is one of a plurality of metal contacts 314 included in
an example image sensor pixel of pixel array 302.

In the example depicted in FIG. 3A, it is noted that the
contact etch stop layer 322 is continuous between the photo-
diode 312 region to the metal contact 314. As aresult, FIG.3A
shows that there is a stress path 328 in contact etch stop layer
322 between the photodiode 312 region and the metal contact
314, as well as between the photodiode 312 region and the
contact etch stop layer 322 material through which metal
contact 314 is coupled to polysilicon region 326 of the pixel
circuitry 315.

In the example depicted in FIG. 3A, it is noted that the
contact etch stop layer 322 is continuous between the photo-
diode 312 region to the metal contact 314. As aresult, FIG.3A
shows that there is a stress path 328 in contact etch stop layer
322 between the photodiode 312 region and the metal contact
314, as well as between the photodiode 312 region and the
contact etch stop layer 322 material through which metal
contact 314 is coupled to polysilicon region 326 of the pixel
circuitry 315.

Contact etch stop layer 322 includes a silicon nitride based
dielectric including for example silicon oxynitride or silicon
carbide or the like. In one example, contact etch stop layer
322 may be deposited using a plasma enhanced chemical
vapor deposition (PECVD), which employs an electrically
driven plasma to breakdown source gases such as Silane
(SiH,), ammonia (NH,) and oxygen (O,) to provide sources
of silicon, nitrogen and oxygen for the formation of silicon
nitride and/or silicon oxynitride.

In one example, the resulting contact etch stop layer 322
may therefore be characterized by including significant
amounts of mobile charge due to residual hydrogen or poorly
formed crystallographic bonding between atoms, such as for
example Si—Si bonds or Si—H bonds. In one example, the
resulting contact etch stop layer 322 is also characterized by
having residual mechanical stress associated with the chosen
deposition process parameters or the chosen relative quanti-
ties of the reacting gases.

The mobile charges in the PECVD silicon nitride and/or
silicon oxynitride of contact etch stop layer 322 can be moved
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by electrical forces such as electrical fields placed across
contact etch stop layer 322, which can cause unwanted effects
in nearby semiconductor regions, such as photodiode regions
312 and/or the pixel circuitry 315 included in the pixels of
pixel array 302. For example, the source to drain resistance of
atransistor included in the pixel circuitry 315 included in the
pixels of pixel array 302 may be affected by the mobile charge
in the overlying PECVD silicon nitride of contact etch stop
layer 322 by altering the depletion characteristics of anunder-
lying lightly doped source or drain region. In addition, it is
noted that the interface between the PECVD silicon nitride
and/or silicon oxynitride of contact etch stop layer 322 and
other films, such as silicon dioxide films, are capable of
holding charges typically in broken bonds between various
atoms at the interfaces.

Furthermore, it is noted that a net positive charge buildup
can also be induced in the PECVD silicon nitride and/or
silicon oxynitride of contact etch stop layer 322 by exposure
to visible light, which can occur when photodiode 312
regions of pixel array 302 are illuminated. In particular, the
energy associated with the phonon modes of the Si—Si and
Si—H crystal structures may participate in the optical exci-
tation of the electrical carriers. Phonons are a property asso-
ciated with the crystal structure and therefore likely are tied to
the stress property of the PECVD silicon nitride and/or sili-
con oxynitride of contact etch stop layer 322.

All of above summarized charge-related characteristics of
the PECVD silicon nitride and/or silicon oxynitride of con-
tact etch stop layer 322 can cause unwanted effects in semi-
conductor regions nearby, and thus contribute to unwanted
ghost artifacts or memory effects in pixel array 302.

In order to address the unwanted ghost artifacts or memory
effects in pixel array 302 that may be caused by contact etch
stop layer 322, one or more isolations regions may be defined
in the contact etch stop layer 322 to relieve some of the stress
by substantially eliminating the stress paths 328 in contact
etch stop layer 322 between the photodiode 312 regions to the
metal contacts 314 in accordance with the teachings of the
present invention.

To illustrate, FIG. 3B illustrates a cross-section view of one
example of a semiconductor substrate layer 310 included in
an example pixel array 302 with image sensor pixels having
metal contacts 314 coupled through a contact etch stop layer
322 with isolation regions 316 in accordance with the teach-
ings of the present invention. It is noted that in one example,
pixel array 302 of FIG. 3B is a cross-section view along line
B-B' of pixel array 202 of FIG. 2B. It is appreciated that pixel
array 302 of FIG. 3B shares similarities with pixel array 302
of FIG. 3A and that similarly named and numbered elements
referenced below are coupled and function as described
above.

As shown in the example depicted in FIG. 3B, one or more
isolation regions 316 are defined in contact etch stop layer
322. As such, the metal contact 314, as well as the surround-
ing contact etch stop layer 322 material through which the
metal contact 314 is coupled to the pixel circuitry 315, is
isolated from the neighboring photodiode 312 region. In par-
ticular, the one or more isolation regions 316 defined in the
contact etch stop layer 322 substantially eliminate stress
paths in the contact etch stop layer 322 between the one or
more metal contacts 314 from the one or more neighboring
photodiode 312 regions of the image sensor pixel of pixel
array 302 in accordance with the teachings of the present
invention. In one example, the isolation regions 316 are
defined in contact etch stop layer 322 by removing or etching
away the contact etch stop layer 322 material as shown
between metal contacts 314 and photodiode 312 regions as
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shown to eliminate substantially the stress paths 328 as
described previously. In one example, the removal or etching
away of contact etch stop layer 322 material relieves at least
some of'the stress in contact etch stop layer 322 in accordance
with the teachings of the present invention.

By removing the contact etch stop layer 322 material and
defining the isolation regions 316 in contact etch stop layer
322 as shown, the memory effect is reduced or eliminated in
pixel array 302 in accordance with the teachings of the
present invention. In particular, the isolation regions 316
defined in contact etch stop layer 322 as shown may reduce
the memory effect in pixel array 302 because the stress oth-
erwise present in etch stop layer 322 has been released by the
removal of portions 316, which therefore reduces the propen-
sity of etch stop layer 322 to become optically excited and
hold ghost artifact images through charge trapping within
etch stop layer 322 or at interfaces of etch stop layer 322 with
adjacent films, including for example passivation layer 320.
In addition, it is noted that the memory effect may also be
reduced in pixel array 302 because the trenching performed
when removing portions 316 from etch stop layer 322 may
result in an overall reduction of mobile charge within etch
stop layer 322, which also reduces memory effect in pixel
array 302 in accordance with the teachings of the present
invention.

The above description of illustrated examples of the
present invention, including what is described in the Abstract,
are not intended to be exhaustive or to be limitation to the
precise forms disclosed. While specific embodiments of, and
examples for, the invention are described herein for illustra-
tive purposes, various equivalent modifications are possible
without departing from the broader spirit and scope of the
present invention. Indeed, it is appreciated that the specific
example voltages, currents, frequencies, power range values,
times, etc., are provided for explanation purposes and that
other values may also be employed in other embodiments and
examples in accordance with the teachings of the present
invention.

What is claimed is:

1. An image sensor pixel, comprising:

one or more photodiodes disposed in a semiconductor
layer;

pixel circuitry disposed in the semiconductor layer coupled
to the one or more photodiodes;

apassivation layer disposed proximate to the semiconduc-
tor layer over the pixel circuitry and the one or more
photodiodes;

a single contact etch stop layer disposed over the passiva-
tion layer, wherein the single contact etch stop layer
defines one or more isolation regions, wherein there is an
absence of material of the single contact etch stop layer
in the one or more isolation regions defined in the single
contact etch stop layer;

one or more metal contacts coupled to the pixel circuitry
through a first portion of the single contact etch stop
layer, wherein a second portion of the single contact etch
stop layer is disposed in a photodiode region of the one
or more photodiodes,

wherein the one or more isolation regions defined in the
single contact etch stop layer isolate the first portion of
the single contact etch stop layer from the second por-
tion of the single contact etch stop layer.

2. The image sensor pixel of claim 1 wherein the one or

more isolation regions defined in the single contact etch stop
layer substantially eliminate stress paths in the single contact
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etch stop layer between the first portion of the single contact
etch stop layer and the second portion of the single etch stop
layer.

3. The image sensor pixel of claim 1 wherein the one or
more isolation regions are defined in the single contact etch
stop layer where the material of the single contact etch stop
layer is removed between the first portion of the single contact
etch stop layer and the second portion of the single etch stop
layer.

4. The image sensor pixel of claim 1 wherein the one or
more metal contacts comprise borderless contacts.

5. The image sensor pixel of claim 1 wherein the single
contact etch stop layer comprises nitride.

6. The image sensor pixel of claim 1 wherein the single
contact etch stop layer comprises silicon oxynitride.

7. The image sensor pixel of claim 1 wherein the passiva-
tion layer comprises oxide.

8. The image sensor pixel of claim 1 further comprising a
dielectric layer disposed over the single contact etch stop
layer.

9. The image sensor pixel of claim 8 wherein the dielectric
layer comprises borophosphosilicate glass.

10. The image sensor pixel of claim 1 wherein the image
sensor pixel is comprised in a complementary metal oxide
semiconductor (CMOS) image sensor.

11. An imaging system, comprising:

a pixel array of image sensor pixels, wherein each one of

the image sensor pixels includes:

one or more photodiodes disposed in a semiconductor
layer;

pixel circuitry disposed in the semiconductor layer
coupled to the one or more photodiodes;

a passivation layer disposed proximate to the semicon-
ductor layer over the pixel circuitry and the one or
more photodiodes;

a single contact etch stop layer disposed over the passi-
vation layer, wherein the single contact etch stop layer
defines one or more isolation regions, wherein there is
an absence of material of the single contact etch stop
layer in the one or more isolation regions defined in
the single contact etch stop layer;

one or more metal contacts coupled to the pixel circuitry
through a first portion of the single contact etch stop
layer, wherein a second portion of the single contact
etch stop layer is disposed in a photodiode region of
the one or more photodiodes,

wherein the one or more isolation regions defined in the
single contact etch stop layer isolate the first portion
of the single contact etch stop layer from the second
portion of the single contact etch stop layer;

control circuitry coupled to the pixel array to control opera-

tion of the pixel array; and

readout circuitry coupled to the pixel array to readout

image data from the plurality of pixels.

12. The imaging system of claim 11 further comprising
function logic coupled to the readout circuitry to store the
image data readout from the image sensor pixels.

13. The imaging system of claim 11 wherein the one or
more isolation regions defined in the single contact etch stop
layer substantially eliminate stress paths in the single contact
etch stop layer between the first portion of the single contact
etch stop layer and the second portion of the single etch stop
layer.

14. The imaging system of claim 11 wherein the one or
more isolation regions are defined in the single contact etch
stop layer where the material of the single contact etch stop
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layer is removed between the first portion of the single contact
etch stop layer and the second portion of the single etch stop
layer.

15. The imaging system of claim 11 wherein the one or
more metal contacts comprise borderless contacts.

16. The imaging system of claim 11 wherein the single
contact etch stop layer comprises nitride.

17. The imaging system of claim 11 wherein the single
contact etch stop layer comprises silicon oxynitride.

18. The imaging system of claim 11 wherein the passiva-
tion layer comprises oxide.

19. The imaging system of claim 11 further comprising a
dielectric layer disposed over the single contact etch stop
layer.

20. The imaging system of claim 19 wherein the dielectric
layer comprises borophosphosilicate glass.

21. The imaging system of claim 11 wherein the image
sensor pixel is comprised in a complementary metal oxide
semiconductor (CMOS) image sensor.
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